ABSTRACT The aim of the present study was to derive multiple regression equations for in vivo estimation of the carcass lean and fat content in Muscovy ducks. The experimental materials consisted of 240 White Muscovy ducklings (120 ( and 120 &). One hundred sixteen females aged 10 wk and 112 males aged 12 wk were slaughtered. Before slaughter the ducks were weighed, and the following body measurements were taken: humerus length, drumstick length, chest girth, breast-bone crest length, width between the humeral bones, chest depth, and breast muscle thickness. The coefficients of simple correlation between carcass tissue components and body measurements were calculated. It was found that live body weight was highly correlated with the weights of all tissue components (r = 0.701 to 0.857). In males a significant interrelation was found between breast muscle weight and all body measurements, whereas in females breast muscle weight was correlated with breast-bone crest length, chest girth, width between the humeral bones, chest depth, and breast muscle thickness only. In
INTRODUCTION
Muscovy ducks, like chickens and turkeys, can be used for meat production. The carcass dressing percentage of Muscovy ducks is about 74% (Wawro et al., 2004) . Muscovy ducks show sexual dimorphism; males are more than 50% heavier than females (Baéza et al., 1997; Sazy and Heraut, 1997; Tai and Rouvier, 1998) . Because of considerable differences in growth rate, drakes are usually reared to 12 wk of age and hens to about 10 wk of age.
The distinguishing features of Muscovy ducks, as compared with Pekin ducks, are a higher breast muscle content, higher meatiness, and much lower fatness (Boisdron and Grimaud, 1991; Baéza, 1995; Szász et al., 1997; Gille and Salomon, 1998; Wawro et al., 2004) . Because of its 2006 Poultry Science Association Inc. Received January 9, 2006 . Accepted March 3, 2006 Corresponding author: katarzyna.kleczek@uwm.edu.pl 1318 both males and females the carcass lean content was closely correlated with drumstick length, breast-bone crest length, chest girth, and width between the humeral bones. In drakes the carcass fat content was closely correlated with all body measurements, whereas in hens significant correlations were observed between the carcass fat content and chest girth, width between the humeral bones, and chest depth only. The coefficients of simple correlation between the percentages of carcass tissue components and body measurements were generally low and statistically nonsignificant. Twelve multiple regression equations formulated based on the body measurements of live ducks were verified with respect to the accuracy of estimation of the content of breast muscles, meat, and fat with skin in the carcass. These equations give small SE of the estimate (S y = 23.3 to 83.8 g), high values of coefficients of multiple correlation between the dependent variable and the set of independent variables, and high values of determination coefficients.
high nutritive value and good eating quality, meat from Muscovy ducks is gaining growing popularity among consumers. The consumption of meat from Muscovy ducks increases faster than the consumption of meat from Pekin ducks because the latter is known for its fatness (Boisdron and Grimaud, 1991; Baéza, 1995) .
Professional literature provides scant information on selection directed toward increasing the percentage of breast muscles and decreasing the percentage of fat in Pekin ducks (Kosba et al., 1997; Shahin and Saleh, 1997; Maruyama et al., 1999; Pingel, 1999) . For instance, in Poland duck selection aimed at increasing body weight and lean weight, as well as decreasing carcass fatness, is based upon body weight, breast-bone crest length, and breast muscle thickness of ducks aged 7 wk. These parameters make up a set of independent variables in the multiple regression equations proposed by Bochno et al. (1988) for in vivo prediction of Pekin duck meatiness.
Groupe Grimaud Fréres has been dealing with genetic improvement of Muscovy ducks for years (Boisdron and Grimaud, 1991; Hoffman, 1995) . Breeding work resulted in a mean annual increase in body weight by 80 g in males and by 40 g in females, with the latest achievements in this field being about 50 and 30 g, respectively. Further selection toward meatiness improvement requires reliable and easy-to-apply methods for estimating the performance and breeding value of ducks. Performance testing, which forms the basis for breeding work, is difficult to conduct in the case of slaughter value parameters. The most accurate method for determining the tissue composition of the carcass is detailed dissection followed by chemical analysis. However, this method cannot be applied to live birds. Thus, what we need are simple, reliable, indirect methods for in vivo estimation of carcass meatiness and fatness in poultry, based upon the correlations between particular traits and parameters. The optimum moment for such an assessment is the slaughter age.
The results of previous studies on the correlations between the slaughter value parameters and easy-to-measure traits showed that meat weight and the weight of fat with skin is correlated to the greatest degree with body weight, breast-bone crest length, breast muscle thickness, and chest girth. Studies on waterfowl (geese, Pekin ducks, Moulards), turkeys, and broiler chickens indicated high correlations between live body weight and the carcass lean content (Bochno et al., 1997 (Bochno et al., , 1999a (Bochno et al., ,b, 2000b Michalik et al., 2002) . Breast muscle weight in ducks (Rymkiewicz and Bochno, 1998) and geese (Bochno et al., 1999a (Bochno et al., , 2000a is best predicted based on body weight, as well as breast muscle thickness and chest girth. Some authors demonstrated that breast muscle thickness is a good indicator of carcass meatiness in poultry, especially in ducks and geese. The coefficient of correlation between breast muscle thickness and meat weight in Pekin ducks and geese ranges between 0.3 and 0.8 (Rymkiewicz and Bochno, 1998; Bochno et al., 1999a Bochno et al., , 2000a .
Fat weight was found to be correlated with body weight, breast muscle thickness, chest girth, and breastbone crest length in fowls (Bochno et al., 2000b) . A significant correlation (r = about 0.7) was observed between body weight and fat weight in Pekin ducks (Bochno et al., 2000b) , broiler chickens (Bochno et al., 1999b) , and turkeys (Michalik et al., 2002) . This correlation was even higher in Moulards (r = 0.8; Bochno et al., 1997) .
Indirect in vivo prediction of carcass meatiness or fatness based on a single trait is usually imprecise. Much more accurate results can be obtained when several parameters are used as independent variables in multiple regression equations (Wawro et al., 1985; Michalik and Bochno, 1986; Wawro and Bochno, 1986; Bochno et al., 1988; Wawro, 1990) . Thus, the aim of the present study was to derive multiple regression equations for in vivo estimation of the carcass lean and fat content in Muscovy ducks.
MATERIALS AND METHODS
The experimental materials were composed of 240 White Muscovy ducklings (120 ( and 120 &), with breeding stock imported from France (( Cabreur × & Casablanca). The breeding of Muscovy ducks in Poland is generally based on ducklings imported from France. The ducks that served as the experimental materials in our study are currently available on the Polish market.
The birds were kept indoors, as recommended by Groupe Grimaud Fréres (Grimaud Fréres, 2003) and fed ad libitum commercial diets: a starter diet (from 1 d to 3 wk of age) containing 22.51% crude protein (CP) and 12.31 MJ of metabolizable energy (ME), and a grower diet (from 4 wk of age to the end of the experimental period) containing 20.07% CP and 12.79 MJ of ME).
One hundred sixteen females aged 10 wk and 112 males aged 12 wk were killed. Immediately before slaughter the ducks were weighed (live body weight = X 1 ), and the following body measurements were taken:
1. humerus length-from the shoulder joint to the elbow joint; 2. drumstick length-from the knee joint to the hock joint; 3. chest girth-behind the wings, through the anterior border of the breast-bone crest and the central thoracic vertebra; 4. breast-bone crest length-between the anterior and the posterior border of the breast-bone crest; 5. width between the humeral bones-distance between the medial protuberances of the humeral bones; 6. chest depth-vertically between the backbone and the beginning of the breast-bone crest; and 7. breast muscle thickness-at one-third of the breastbone crest length and 1.5 cm to the right of the border of the breast-bone crest. Measurements 1 to 4 were taken with a measuring tape accurate to 0.5 cm; measurements 5 and 6 were made with a caliper accurate to 1 mm; and breast muscle thickness was measured with an ultrasonic apparatus (Draminski Mini-System, Draminski-Electronics in Agriculture; www.draminski.com); 1 cm in diameter, operational frequency 1.5 to 2 MHz), also accurate to 1 mm. The measurements were performed on live birds immediately before slaughter. Humerus length, drumstick length, chest girth, width between the humeral bones, and chest depth were measured in standing position, whereas breast-bone crest length and breast muscle thickness were measured on birds lying on the back. Breast muscle thickness was measured on the left breast muscle, following delicate defeathering and oil application to the bird's skin (to facilitate head-skin contact).
The birds were fasted for 12 h, weighed, and killed by cervical dislocation. Following slaughter, the ducks were bled for about 5 min. and then scalded in water at about 63°C for 1 min to facilitate plucking. The birds were defeathered manually. Then the carcasses were eviscerated (removing the digestive tract, lungs, trachea, heart, abdominal fat, and crop), and the heads and feet were cut off (the heads were cut off between the occipital condyle and the atlas, and the feet were cut off at the carpal joint). Then the carcasses were chilled at +4°C for 12 h, weighed, and divided into the following parts: 1. neck-obtained by cutting along the line joining the cephalic borders of the coracoids; 2. wings-obtained by cutting through the shoulder joints; 3. legs-obtained by cutting through the hip joints (from the pubic process, through the groin towards the back, and then along the backbone, starting from the anterior border of the pelvis); to separate the thigh from the drumstick, a cut was made through the knee joint; 4. breast quarter-obtained by a double cut through the cartilaginous junctures of the ribs, from the inferior border of the backbone towards the coracoids; and 5. dorsal-lumbar quarter-the remaining part of the carcass. The carcass parts were weighed and dissected into lean, bones, skin with subcutaneous fat, and intermuscular fat. Breast muscles (Y 1 ), pectoralis major and pectoralis minor, were dissected from the breast quarter by cutting along the breast-bone crest, clavicle and coracoids, and along the line of the attachment of these muscles to the ribs. The tissue components were weighed accurate to 0.1 g.
Lean weight (Y 2 ) is the weight of muscular tissue without intermuscular fat, which was separated during dissection. The weight of skin with subcutaneous fat includes skin and a layer of fat because in poultry (especially in waterfowl) they are joined together and difficult to separate. Fat weight (U 1 ) is the weight of skin with subcutaneous fat, intermuscular fat, and abdominal fat. Bone weight includes the weights of all bone elements of the carcass, separated during detailed dissection. The percentages of particular tissue components in the body weights of ducks (breast muscles = Y 3 , lean = Y 4 , and fat = U 2 ) were calculated as ratios between the weight of a given component and the live weight of a bird.
Statistical Analysis
Statistical analysis included • Statistical characteristics of the traits examinedarithmetic means (x) and CV; • Determination of the significance of differences between males and females in the traits examined (1-way ANOVA); • Calculation of the coefficients of simple correlation (r) between body weight and body measurements and the content (g, %) of breast muscles, lean, and fat (skin with subcutaneous fat, intermuscular fat, and abdominal fat) in the carcass; • Derivation of multiple regression equations for estimating the content (g, %) of breast muscles, lean, and fat (dependent variables) based on the body weights and body measurements (independent variables) of ducks aged 10 wk (&) and 12 wk ((); and • Verification of the equations with respect to the accuracy of estimation of the content of particular tissue components in the carcass. Regression equations were derived by variable selection, using stepwise regression (StatSoft, www.statsoft.-com). The standard error of the estimate (S y ), coefficients of multiple correlation (R) and coefficients of determination (D) [according to the formula: D = (R) 2 × 100%] were calculated.
The equations based on numerical data obtained for drakes and hens were verified in terms of accuracy of dependent variable estimation on a population of Muscovy ducks (132 ( and 134 &) used in a previous experiment at our department (Wilkiewicz-Wawro et al., 2005) . However, such measurements as chest girth, chest depth, and width between the humeral bones were not performed in this experiment. Therefore, in the present study we could not determine, on this experimental material, the accuracy of estimation of some dependent variables by means of the equations in which these traits served as independent variables. The accuracy of dependent variable estimation was determined taking into account:
• The absolute difference between the actual value and the estimated value, and the relative difference expressed as percentage of the actual value; • The coefficients of simple correlation (r) between the actual value and the estimated value; and • The number of birds showing deviations of the estimated value from the actual value, in 3 ranges: 0 to 5, 5 to 10, and >10%, compared with the actual value.
RESULTS

Characteristics of the Experimental Materials
Before slaughter the body weights of drakes, aged 12 wk, were almost twofold higher than the body weights of hens, aged 10 wk (5,147 vs. 2,750 g; Table 1 ). Sexual dimorphism manifested itself also in body measurements, which were significantly greater in males than in females (Table 1) . The weights of all tissue components were also higher in the former ( Table 2 ). The carcasses of drakes contained on average 1,914 g of meat and 1,117 g of fat with skin, and the carcasses of hens contained an average 946 and 683 g, respectively. These differences were statistically significant. Breast muscle weight was also almost twofold higher in males compared with females (x( = 737 g, x& = 355 g). Analysis of tissue components expressed as percentages of live body weight showed that the carcasses of drakes contained more meat and less fat than the carcasses of hens (Table 2) .
Simple Correlations Between the Traits Examined and the Carcass Lean and Fat Content
Live body weight was closely correlated with the weights of all tissue components (r = 0.701 to 0.857; Table   1 ). In males a significant interrelation was found between breast muscle weight and all body measurements (r > 0.384), whereas in females breast muscle weight was significantly correlated with breast-bone crest length, chest girth, width between the humeral bones, chest depth, and breast muscle thickness only. In both males and females the carcass lean content was highly correlated (Table 1) with drumstick length (r( = 0.520; r& = 0.277), breastbone crest length (r( = 0.468; r& = 0.299), chest girth (r( = 0.646; r& = 0.571), and width between the humeral bones (r( = 0.583; r& = 0.567). In addition, in drakes total meat weight was significantly correlated with humerus length, chest width, and breast muscle thickness. As for the carcass fat content, in males it was closely correlated with all body measurements, whereas in females significant correlations were observed between the carcass fat content and chest girth, width between the humeral bones and chest depth only ( Table 1) .
The coefficients of simple correlation between the percentages of carcass tissue components and body measurements were generally low and statistically nonsignificant (Table 1) . Quite a high correlation was recorded between body weight and relative meatiness and fatness of the whole duck carcass. In drakes the percentage of breast muscles in body weight (Table 1) was correlated with chest depth (r = 0.225) and breast-bone crest length (r = 0.220). In hens the percentage of breast muscles may be predicted based on breast-bone crest length (r = 0.427) and breast muscle thickness (r = 0.366). In both males and females there were generally no significant correlations between body measurements and relative meatiness (Table 1). Only in hens was a high correlation observed between lean percentage and chest depth (r = −0.206). The majority of the body measurements were not related to the parameters characterizing relative carcass fatness in Muscovy ducks. In drakes a close correlation was found between chest girth and fat percentage only (r = 0.282). Table 3 present multiple regression equations for in vivo estimation of the weights and percentages of tissue components in the live body weights of both males and females. Equation 1 can be used to estimate breast muscle weight in drakes. Independent variables of this equation are body weight (X 1 ), breast-bone crest length (X 4 ), and chest girth (X 5 ). The coefficient of multiple correlation (R) between the dependent variable and the set of independent variables is 0.770, and the SE of dependent variable estimation is S y = 46.9 g. The independent variables in Equation 2, developed to predict breast muscle weight in hens, are body weight (X 1 ), breast-bone crest length (X 4 ), and breast muscle thickness (X 8 ). This equation gives higher values of the coefficient of multiple correlation (R = 0.801) and the coefficient of determination (D = 64.16%) than the equation based on data for males. The carcass lean content in males and females can be predicted with Equations 3 and 4, respectively. Both equations give relatively small SE of dependent variable estimation (S y Independent variables: X 1 = body weight (g); X 2 = humerus length (cm); X 3 = drumstick length (cm); X 4 = breast-bone crest length (cm); X 5 = chest girth (cm); X 7 = chest depth (cm); X 8 = breast muscle thickness (cm). from 37.7 g for & to 81.2 g for () and quite high values of coefficients of multiple correlation between the dependent variable and the set of independent variables (R > 0.84). These equations are also characterized by fairly high values of the determination coefficient (D > 70%), which indicates that independent variables were selected at least adequately. Equation 5, for in vivo estimation of the carcass fat content (Û 1 ) in drakes, has 3 easy-to-measure traits as independent variables [body weight (X 1 ), humerus length (X 2 ), and chest depth (X 7 )]. In this equation the SE of dependent variable estimation is 83.8 g. Proper selection of independent variables for Equation 5 is confirmed by high coefficients of multiple correlation (R = 0.870) and determination (D = 75.69%). In hens the carcass fat content may be predicted fairly accurately with Equation 6. The independent variables in this equation [body weight (X 1 ), humerus length (X 2 ), breast-bone crest length (X 4 ), and chest girth (X 5 )] were found to be closely correlated with the dependent variable (R = 0.886).
Multiple Regression Equations
These equations for predicting the percentages of tissue components in the body weights of Muscovy ducks usually have low coefficients of determination and relatively high SE of dependent variable estimation (Table 3) . Taking into account the values S y , R, and D, Equations 11 and 12 for predicting fat percentage in Muscovy ducks are the most recommendable. In these equations independent variables were relatively highly correlated with the dependent variable (R = 0.591 to 0.646), the SE of the estimate ranged from 1.57 to 1.60%, and the coefficient of determination ranged from 34.93 to 41.73%. Table 4 gives the results of prediction of the weights and percentages of some tissue components in Muscovy ducks. Equation 1, for in vivo estimation of breast muscle weight in males, provided accurate results for this sex group. The difference between the estimated and actual breast muscle weight was 28.3 g in drakes and 68.4 g in hens, which accounted for 4.22% and 20.91% of the actual value, respectively. The coefficients of simple correlation between the actual value of the dependent variable and the value estimated with this equation were high and ranged from 0.878 (&) to 0.898 ((). In the group of males, in 93 of 132 birds the estimated breast muscle weight was within the margin of error (< ±10%; ±67 g). In the group of females the estimated muscle weight was within the same margin of error (< ±10% of the actual value) in 10 of 134 birds only. Equation 2, for predicting breast muscle weight in hens, provided much more accurate results of dependent variable estimation. Relative differences between the estimated and actual (determined by dissection) weight of this tissue component were small in females (0.43%) and males (10.68%), and the coefficients of simple correlation between these variables were high (r YŶ > 0.9).
Results of In Vivo Estimation of Tissue Components in Muscovy Ducks by Multiple Regression Equations
In the case of Equations 3 and 4, for predicting meat weight in duck carcasses, the differences between the estimated and actual values were as low as 4.03% (() and 1.26% (&) of the meat weight determined experimentally. The coefficient of correlation (r YŶ ) between the value of this trait determined by dissection and estimated with Equations 3 and 4 was 0.883 and 0.923 in males and females, respectively. In 68 drakes and in as many as 93 hens the estimated value was within the margin of error (i.e., 5% of the actual total meat content of the carcass; Table 4 ). In males fat weight (U 1 ) predicted with Equation 6 was by only 28.2 g higher than the actual fat weight, and in females by as much as 212.1 g. The weight of this tissue component calculated using Equation 8 (based on data for hens) was found to be close to the actual value in females only.
The accuracy of estimation of the percentages of tissue components in the body weights of Muscovy ducks was verified only in the case of Equation 8, based on data gathered for hens and used for predicting the percentage of breast muscles in body weight. This equation underestimated the relative proportion of breast muscles in body Table 4 . Results of prediction of the weight (g) of: breast muscles (Ŷ 1 ), lean (Ŷ 2 ), and fat (Û 1 ), and breast muscle percentage (Ŷ 3 ) in Muscovy ducks with the multiple regression equations from weight by 0.03% only (Table 4) . In 113 hens, the deviations of the estimated value from the actual value did not exceed ±10%. It should be stressed that in the group of males this equation provided much less accurate results of breast muscle percentage estimation. In 127 drakes the difference between the estimated and actual value was higher than 10%.
DISCUSSION
Waterfowl differ considerably from birds of terrestrial habits in numerous morphological, physiological, and biochemical characters, so in this discussion we generally disregarded the results of studies on correlations between traits in chickens and turkeys.
As already mentioned, the aim of the present study was to derive multiple regression equations for in vivo prediction of carcass meatiness and fatness in Muscovy ducks. Thus, it was necessary to determine the suitability of various traits measured on live birds for indirect estimation of the content of particular tissue components in the carcass. Their suitability for this purpose depends primarily on the existence of correlations between certain body measurements and the content of tissue components in birds. Whether a given measurement is easy to perform and reproducible must also be considered (Wawro, 1990) . Table 1 presents the coefficients of simple correlations between the traits examined and tissue components. The highest correlation was observed between carcass meatiness and fatness and live body weight (r = 0.701 to 0.857). Close correlations between body weight, meat weight, and fat weight were recorded, among others, in Pekin ducks (Michalik and Bochno, 1986; Bochno et al., 1988 Bochno et al., , 2000b Brzozowski and Bochno, 1998; Rymkiewicz and Bochno, 1998) , Moulards (Bochno et al., 1997) , and geese (Wawro et al., 1985) . This suggests that body weight is a good indicator of carcass tissue composition in waterfowls.
Many authors (Sorensen and Jensen, 1992; Canope et al., 1997; Lavallee et al., 1998; Bochno, 1998, 1999; Bochno et al., 1999a Bochno et al., , 2000a Wilkiewicz-Wawro et al., 2003) demonstrated that breast muscle thickness is significantly correlated with breast muscle content and total meat weight in the carcass. Shahin (1990) reported that in ducks breast muscle weight has higher heritability than leg muscle weight (h 2 = 0.668 and 0.241, respectively) and that phenotypic and genetic correlations between the content of breast muscles and leg muscles in the carcass are negative. It follows that prediction of breast muscle content in live birds is an important part of selection aimed at improving duck meatiness. Rymkiewicz and Bochno (1998) demonstrated that in ducks breast muscle thickness may be a much more reliable indicator of breast muscle weight than body weight (r = 0.905 and 0.634, respectively). Also, studies on geese (Bochno et al., 1999a (Bochno et al., , 2000a revealed a close correlation between breast muscle thickness and carcass meatiness (r > 0.6). In our experiment the values of coefficients of correlation between breast muscle thickness and meatiness in Muscovy ducks were usually fairly low (Table 1 ). In drakes, breast muscle thickness was significantly correlated with breast muscle weight (r = 0.437) and total meat weight (r = 0.424), whereas in hens it was significantly correlated with breast muscle weight only (r = 0.274).
Apart from body weight and breast muscle thickness, breast-bone crest length and chest girth also may be used as indicators of the content of breast muscles and lean in Muscovy ducks. These body measurements showed a positive correlation with the content of breast muscles and meat in males and females (r = 0.30 to 0.65). Wilkiewicz- Wawro and Szypulewska (1999) obtained similar results in experiments of Muscovy ducks. A high correlation between chest girth and meat weight was observed in geese (r = approximately 0.8; Bochno et al., 1999a) .
Fat is a key tissue component that affects the quality of poultry carcasses. It should be explained that during carcass dissection subcutaneous fat is usually separated together with skin. In Muscovy ducks, the fat content of carcass may be predicted not only based on body weight but also based on chest girth and width between the humeral bones. In our study, the coefficient of simple correlation between the body measurements of drakes and hens and the weight of fat with skin were found to be low but statistically significant (r = 0.373 to 0.596; Table  1 ). Bochno et al. (2000b) , and Brzozowski and Bochno (1998) stressed that carcass fatness is difficult to estimate in birds due to a low correlation between the traits analyzed. The low correlation between carcass fatness and body measurements results most probably from considerable variation in fat content observed in domestic fowl. Wawro et al. (1987) recorded a significant phenotypic correlation between breast muscle thickness and the weight of fat with skin in Pekin ducks (r = 0.520). This indicates that breast muscle thickness may be used not only for meatiness estimation but also for fatness prediction in ducks. However, this was not fully confirmed in the present study because a significant correlation between breast muscle thickness and the weight of fat with skin was found in drakes only (r = 0.308; Table 1 ).
Analysis of the results presented in Table 1 shows that the correlations between the majority of the parameters and the percentages of breast muscles, lean, and fat in Muscovy ducks were low or nonsignificant. This suggests that these traits cannot be considered reliable predictors of relative carcass meatiness and fatness in this species.
Equations 1 to 4 from Table 3 can be used for estimating the content of breast muscles and meat in Muscovy ducks. Particular attention should be paid to Equations 3 and 4 for predicting total meat weight in drakes and hens. These equations are characterized by small errors of dependent variable estimation, not exceeding 4.3% of the actual meat weight, and high values of the coefficients of multiple correlation (R > 0.84) and determination (D > 70%). Slightly lower values of the coefficients of multiple correlation between meat weight and the set of independent variables (R = approximately 0.7 to 0.9) were recorded for regression equations for estimating meat weight in Pekin ducks, proposed by Michalik and Bochno (1986) and Bochno et al. (1988) , and in geese, proposed by Wawro et al. (1985) and Bochno et al. (2000a) .
The equations for predicting fat weight in Muscovy ducks, based on data gathered separately for drakes (Equation 5 ) and hens (Equation 6), are highly recommendable. The coefficients of multiple correlation and determination were similar in these equations (R > 0.87; D > 75%). In our study the values of the coefficients of multiple correlation (R) and determination (D) were very high, as compared with those obtained by other authors in experiments on Pekin ducks and geese (Wawro et al., 1985; Michalik and Bochno, 1986; Wawro and Bochno, 1986; Bochno et al., 1988) , which indicates appropriate selection of independent variables for the equations.
As already said, the multiple regression equations for in vivo estimation of the relative content of particular tissue components in the body weight of Muscovy ducks (Equations 7 to 12; Table 3) usually gave low coefficients of multiple correlation and determination (R < 0.65; D < 42%). Książ kiewicz and Mazanowski (1993) , who applied multiple regression equations to predict the percentages of lean and fat in Moulards, obtained similar coefficients of multiple correlation (R = approximately 0.5 − 0.7). According to Wawro (1990) , in analysis of relative (expressed as a percentage) meatiness in turkeys, dependent variables can be estimated with somewhat lower accuracy, in comparison with the prediction of breast muscle weight, leg muscle weight, and total meat weight. reported that the percentage of meat in Pekin ducks can be quite precisely estimated with multiple regression equations. In their study the set of independent variables included body weight, breast muscle thickness, and breast-bone crest length. The correlations of these variables with the dependent variable ranged from 0.784 to 0.825.
Equations 1 and 2 formulated to predict breast muscle weight in females and males provided accurate results in other experiments on Muscovy ducks (Table 4) . In drakes aged 12 wk, Equation 1 overestimated the weight of breast muscles, on average by 28.3 g, which accounted for 4.22% of the actual weight of breast muscles. The coefficient of simple correlation between the actual and estimated breast muscle weight was high (r YŶ = 0.898). Equation 2, based on data for 10-wk-old hens, provided accurate results of estimating breast muscle weight in ducks at this age. The relative difference between the actual and estimated weight of breast muscles did not exceed 0.5%, and the coefficient of simple correlation between these variables was higher than 0.9. In the study by Bochno et al. (2000a) , performed on White Italian geese, the accuracy of breast muscle weight estimation with regression equations was similar to that achieved in our experiment.
Equations 3 and 4 for predicting meat weight in Muscovy ducks can be also successfully used in practice. The differences between the actual and estimated values of the dependent variable ranged from 1.26 (females) to 4.03% (males) of the actual meat weight, and the coefficient of simple correlation (r YŶ ) exceeded 0.88 (Table 4 ). The accuracy of lean weight prediction was considerably higher in birds of the sex for which the equations were developed. Relatively accurate results of meat weight estimation with regression equations in waterfowl (Pekin ducks, geese) were reported by Wawro et al. (1985) and Bochno et al. (1988 Bochno et al. ( , 2000b .
Analysis of the results of total fat weight estimation in hens (Table 4) with Equation 6 shows that carcass fatness was predicted with a slightly lower accuracy than carcass meatiness. Some inaccuracy of fatness estimation in Muscovy ducks is most probably a consequence of a very fast increase in the weight of skin with fat, observed in both drakes and hens to about 14 wk of age. On the other hand, the linear body measurements that serve as independent variables in the equations usually show negative allometry. It follows that in Muscovy ducks the lengths and circumferences of particular body parts increase at a slower rate than their body weight and the weights of tissue components. Brzozowski and Bochno (1998) , who analyzed the possibility to predict fat weight in Pekin ducks aged 3 to 11 wk, found that the accuracy of fatness estimation increased with age, and that the most accurate results were obtained between 6 and 8 wk of age.
Because of the lack of some body measurements of ducks from previous studies, Equation 8 (based on data gathered for hens) was verified only with respect to the percentage of breast muscles in body weight (Table 4) . The difference between the actual and estimated percentage of breast muscles in body weight was as low as 0.03% in hens and 3.42% in drakes, which corresponded to 0.24 and 25.26% of the actual value, respectively. Although the coefficients of simple correlation between the actual and estimated values were similar in males and females (r YŶ ≈ 0.77), the estimated percentage of breast muscles in body weight did not exceed ±10% of the actual value in only 5 of 132 drakes.
It may be concluded that the equations for in vivo estimation of the weight of breast muscles, lean, and fat in Muscovy ducks, developed in the present study, provided accurate results of dependent variable estimation. Equations 1 to 4 for carcass meatiness prediction are highly recommendable for practical use in selection work on Muscovy ducks. However, it should be kept in mind that due to sexual dimorphism observed in this species, regression equations based on data gathered separately for males or females give accurate and reliable results only when applied to the respective sex groups.
